Abstract: International Union for Conservation of Nature (IUCN) Red List assessments rely on published data and expert inputs, and biases can be introduced where underlying definitions and concepts are ambiguous. Consideration of climate change threat is no exception, and recently numerous approaches to assessing
Resumen: Las evaluaciones de la Lista Roja de la Unión Internacional para la Conservación de la Naturaleza (IUCN) dependen de datos publicados contribuciones de expertos, y los sesgos pueden introducirse en donde los conceptos y definiciones subyacentes son ambiguos. La consideración de la amenaza del cambio climático no es una excepción, y recientemente se han desarrollado numerosas estrategias para evaluar esta amenaza hacia las especies. Exploramos las evaluaciones de la Lista Roja de la IUCN de anfibios y aves para determinar si las especies enlistadas como amenazadas por el cambio climático muestran patrones marcados en términos del hábitat ocupado y las amenazas no-climáticas adicionales que enfrentan. Comparamos los datos de la Lista Roja de la IUCN con un conjunto de datos publicados sobre las características biológicas y ecológicas de las especies que se creen infieren una alta vulnerabilidad ante el cambio climático y determinamos si la distribución de las especies amenazadas por el cambio climático en la Lista Roja coincide con aquellas especies amenazadas por el cambio climático identificadas con la estrategia basada en las características y si las especies que poseen estos rasgos tienen mayor probabilidad de tener al cambio climático enlistado como una amenaza en la Lista Roja. Las especies de algunos ecosistemas (p. ej.: pastizal, matorral) y sujetas a amenazas particulares (p. ej.: especies invasoras) tuvieron mayor probabilidad de tener al cambio climático enlistado como amenaza. Los patrones geográficos de los anfibios y aves amenazados por el cambio climático en la Lista Roja fueron incongruentes con los patrones de la riqueza global de especies y los patrones identificados con el uso de estrategias basadas en las características. Ciertas características estuvieron relacionadas con los incrementos y disminuciones en la probabilidad de que una especie estuviera amenazada por el cambio climático. La tolerancia térmica general de las especies estuvo relacionada constantemente con una mayor probabilidad de amenaza por el cambio climático, lo que indica relaciones contradictorias en las evaluaciones de la IUCN. Para mejorar la robustez de las evaluaciones de la vulnerabilidad o el riesgo de extinción de las especies asociados con el cambio climático, sugerimos que la IUCN adopte una estrategia más cohesiva en la

Introduction
The International Union for Conservation of Nature (IUCN) Red List of threatened species is regarded as the most comprehensive index of global species extinction risks. Assessments of species rely on published data and expert input on factors relating to each species' extinction risk (e.g., distribution, population status, ecology, threats). Given the role of expert inputs, bias may be introduced into assessments where underlying definitions and concepts are ambiguous (Hayward et al. 2015) . However, most assessments are facilitated in working groups, where best-available data are used to estimate quantitative extinction risk thresholds, thus minimizing bias through unstructured expert opinion (Collen et al. 2016) .
Determining the predominant threat processes for a species is likely to be more complicated due to a lack of direct evidence on the interactions between different threats (Brook et al. 2008) . The IUCN Red List protocol has been criticized for not adequately reflecting the risk posed to species by slow-acting threats such as climate change (Thomas et al. 2004; Keith et al. 2014) . Although IUCN Red List criteria effectively account for climate change in threatened species (Akçakaya et al. 2014; Pearson et al. 2014) , climate change is stated as the sole threat to 1.2% of the 79,837 species assessed by 2016 (e.g., 6.3% of amphibians and 10.2% of birds, respectively [IUCN 2016b]) . Most often, climate change threat on the IUCN Red List occurs in combination with other threats. Overall, the IUCN Red List identifies climate change as a threat for 2,560 (11%) of the 23,250 species listed as threatened (i.e., vulnerable, endangered or critically endangered [IUCN 2016b] ). Relative to Thomas et al.'s (2004) earlier estimates of 18-35% of species "committed to extinction" by 2050, the IUCN Red List appears to understate climate change as a threat to species.
This may be because IUCN assessments generally focus on extinction risk over relatively short periods (3 generations or 10 years, whichever is longer [IUCN Standards and Petitions Subcommittee 2016] ). Climate change impacts may develop over long periods and can be hard to differentiate from natural phenomena (Akçakaya et al. 2006) . Furthermore, there remains significant uncertainty around the mechanisms by which climate change will affect species, particularly when considering changes to interspecific interactions (Bellard et al. 2012) . Thus, other threats may be easier observed and quantified and thus understood and recorded, resulting in underestimations of the importance of climate change on the IUCN Red List (Hof et al. 2011) .
Although IUCN encourages the consideration of climate change impacts, they simultaneously acknowledge the difficulties of doing so (IUCN Standards and Petitions Subcommittee 2016). Consequently, assessors may use a process of judgment or anticipation when recording a species' climate change threat, and it is likely that some biases or inconsistencies will be introduced at this stage. For example, assessors may be more inclined to recognize or acknowledge that the threat of climate change occurs in particular ecosystems or geographic areas or for species with certain biological or life-history traits.
To complement existing processes of estimating extinction risk, climate change-specific assessments have been developed using a number of different approaches, ranging from mechanistic models to trait-based assessments (Pacifici et al. 2015) . Trait-based climate change vulnerability assessments (CCVA) are advocated by the IUCN (Foden et al. 2013; Carr et al. 2014 ) and use speciesspecific trait data to infer high or low vulnerability to climate change. Traits used in these analyses generally pertain to climate change sensitivity and low adaptability of species and are coupled with measures of climate change exposure (Foden et al. 2013) .
We used data sets containing climate change-relevant trait data to assess whether certain species and their traits are more likely to be described as threatened by climate change on the IUCN Red List. We focused on traits and factors related to CCVA of species (Foden et al. 2013) . We hypothesized that geographical distributions of species described as threatened by climate change on the IUCN Red List concur with distribution of climate change vulnerability from CCVAs; species in climate change-affected ecosystems (e.g., dry or arid or freshwater systems) are more likely to be described as threatened by climate change on the IUCN Red List; the presence of other threats makes a species more likely to be listed as threatened by climate change; and species with CCVA traits indicating vulnerability to climate change are more likely to have climate change listed as a threat on the IUCN Red List. Both of the data sets we used are likely approximations of the truth, and it remains unclear whether one more accurately presents climate change threat. Nevertheless, we believe that by identifying areas of agreement and disagreement between them, we found situations of greater certainty in terms of climate change threat assessment and areas where further research is needed.
Methods
Data Sources and Processing
We used two data sets for our analysis: IUCN Red List data and associated species distribution polygons (representing each species' estimated global range) for 6,375 amphibians and 10,280 birds (IUCN 2015) , including all taxonomic, geographic, habitat, and threat information and a CCVA data set collated by Foden et al. (2013) for 6,204 amphibians and 9,856 bird species. We focused on traits pertaining to sensitivity (6 variables for amphibians; 8 for birds) and adaptability (3 variables for amphibians; 5 for birds) to climate change (Supporting Information). These traits are used to classify a species as having high sensitivity or low adaptability to climate change, respectively (Foden et al. 2013) .
The IUCN Red List uses a threat classification scheme of 99 threat types under 12 broad classifications (hereafter level-1 threat classifications) and finer-scale subcategories (level-2 and level-3 threat classifications) based on Salafsky et al. (2008) (Supporting Information) . We assigned each species to one of two categories: those with climate change as a recorded threat on the IUCN Red List (climate change-threatened species) irrespective of the species' Red List category (395 amphibians and 1,038 birds) and those without a climate change threat listed (5,979 amphibians and 9,242 birds). We used level-1 and level-2 threat classifications to assess associations of climate change-threatened species with other threat types on the IUCN Red List.
We derived habitat associations based on the IUCN Red List habitat classification scheme, comprising 103 habitat types under 18 broad classifications (level-1 habitat classifications) and finer-scale subcategories (level-2 and level-3 habitat classifications) (IUCN 2016a & Supporting Information) . We analyzed level-1 and level-2 habitat classifications separately to assess broad-scale (level 1) habitat associations of climate change-threatened species followed by more in-depth analyses of specific (level 2) habitat associations.
Species Richness Maps
In ArcGIS 10.2 (ESRI 2011), we produced global species richness maps for all bird and amphibian species on the IUCN Red List and additional maps showing climate change-threatened species only. For each, we overlaid a 10 arc-minute hexagonal grid with global coverage onto the stacked species' distribution polygons obtained from the IUCN Red List and calculated the number of species per grid cell with the IUCN Species Mapping Tool for ArcGIS (IUCN 2014) . We also calculated and mapped the proportion of species classified as climate changethreatened per grid cell.
Statistical Analyses
We removed data deficient and extinct species from all analyses. We tested associations of climate changethreatened species with habitat type and threats with binomial logistic regression (LR). Climate changethreatened status of a species was the binary response variable (1 or 0 for climate change threat recorded or not recorded, respectively). Habitat type and threat type were the respective predictor variables (e.g., 1, present; 0, not present). To avoid the effects of small sample sizes, we excluded predictor variables that contributed <1% of the total number of species in the data set. Following analysis of level-1 habitat and threat classifications, analyses with level-2 habitat and threat classifications as predictor variables were limited to those for which the corresponding level-1 predictor variables were significant (P < 0.05).
We used a log-log link function in all LR analyses to account for unequal response variable group sizes because there were fewer species with a climate change threat than without. Following collinearity checks, a stepwise reduction method was used to produce minimum adequate models (MAMs). We used a delta Akaike information criterion (AIC) of <2 to account for uncertainty in model selection (Burnham & Anderson 2002) . We calculated odds ratios as a measure of association between predictor variables and species' status as climate changethreatened.
To analyze whether species with CCVA traits used to infer climate change vulnerability are already associated with the IUCN Red List threat of climate change, we removed species not present in both data sets, which resulted in matched data for 4429 amphibians and 9129 birds.
There were 332 and 934 climate change affected and 4097 and 8195 unaffected birds and amphibians, respectively. We used the binary response variable of climate change-threatened status in stepwise binomial logistic regressions; CCVA traits were the predictor variables (mixture of continuous and categorical variables [details in Supporting Information]). To account for complete separation in our bird data, we conducted a Firth's bias-reduced logistic regression with the logistf package (Heinze et al. 2013 ). We constructed MAMs for both taxonomic groups and calculated odds ratios for all significant variables to measure the strength of the association of climate change-threatened status with CCVA traits. We repeated our analysis on subsets representing the most speciose amphibians and birds (Anura, n = 3,887; Hylidae, n = 643; Passeriformes, n = 5,725; Tyrannidae, n = 407) to assess their effect on overall results.
We constructed full MAMs of climate changethreatened species with all significant explanatory variables (habitat, threats, and CCVA traits combined) from the previous models as explanatory variables for birds and amphibians with a stepwise reduction method. All statistical analyses were carried out in R version 3.2.0 (R Core Team 2015).
Results
Richness of Climate Change-Threatened Species
Amphibian richness was highest in the Amazon region and moderately high in tropical Africa (e.g., Cameroon and Gabon) and Southeast Asia (e.g., Thailand, Malaysia, and Indonesia) (Fig. 1a) . Distribution of climate change-vulnerable amphibians corresponded to overall species richness, although total numbers were much smaller (Fig. 1b) . Overall richness and proportions of climate change-threatened amphibians were high in eastern China and Korea (Fig. 1c) , and high proportions of climate change-threatened amphibians extended from China and Korea northward into Siberia (Fig. 1e) . Areas containing high proportions of climate changethreatened amphibians were typically arid areas low in overall richness and included regions of the Sahel and Sahara Deserts in Africa, the Gobi Desert in China, and the Taklamakan Desert in China and Turkmenistan.
Bird species richness was highest in the Amazon region and high across much of sub-Saharan Africa and parts of Southeast Asia (Fig. 2a) . Richness of climate changevulnerable birds reflected overall bird species richness within the Amazon region but not elsewhere (Fig. 2b) . Richness of climate change-threatened birds was highest in areas of southeastern Australia and the southern tip of South Africa and generally low in tropical Africa and Southeast Asia (Fig. 2c) . Alaska, Canada, northern Scandinavia, and Russia also contained relatively high numbers of climate change-threatened bird species. Proportions of climate change-threatened birds increased toward polar regions (Fig. 2e ).
Habitat Associations of Climate Change-Threatened Species
Amphibian occurrence in grassland and shrubland was significantly associated with climate change threat (Table 1) due to amphibian occurrence being associated with subtropical and tropical grasslands and dry shrublands. However, amphibians associated with seasonally wet or flooded lowland grasslands or moist shrublands in tropical or subtropical regions were significantly less likely to be climate change-threatened.
Amphibians associated with artificial terrestrial habitats (e.g., heavily degraded former forest in tropical or subtropical regions) or savanna (e.g., moist savanna) were significantly less likely to be climate changethreatened. Amphibians associated with arable land were significantly more likely to be climate change-threatened. These same habitat associations held true for Anurans but not for Hylidae (Supporting Information).
Birds associated with grassland, marine intertidal, and marine neritic habitats were significantly more likely to be climate change-threatened (Table 1) . No finer-scale associations were significant predictors of climate changethreatened birds.
Species associated with artificial terrestrial, forest, or savanna were significantly less likely to be climate change-threatened. Within these broad-scale categories, species associated with arable land; heavily degraded former forest in tropical and subtropical regions; dry, moist lowland, moist montane, or swamp forests of the tropics or subtropics; or dry savanna were significantly less likely to be climate change-threatened.
For Passeriformes, shrubland habitats were associated with a likelihood of being climate change-threatened, whereas wetlands and deserts were not associated with climate change threat on the IUCN Red List (Supporting Information). For Tyrannidae, there were no significant habitat associations with climate change threat.
Threat Associations of Climate Change-Threatened Species
Amphibians were significantly more likely to be climate change-threatened if they were also affected by human intrusions and disturbance; invasive species; natural system modifications; or pollution (Table 2 ). These threat associations were found in the Anuran and Hylidae data sets, with the exception of human intrusion and disturbance, which was not significantly related to climate change threat (Supporting Information). Species were significantly more likely to be climate change-threatened if they were affected by recreational activities, non-native invasive species, fire and fire suppression, or agricultural and forestry effluents.
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Figure 1. Equal-area projections of (a) global species richness of amphibians, (b) total numbers of amphibian species assessed as climate change-vulnerable during climate change vulnerability assessment (CCVA)
, (c) total numbers of amphibian species with climate change threat listed on the International Union for Conservation of Nature (IUCN) Red List (IUCN 2014), (d) percentage of the total amphibian species present assessed as climate change vulnerable during CCVA
, and (e) percentage of total amphibian species present with climate change listed as a threat on the IUCN Red List (IUCN 2014).
Birds were significantly more likely to be climate change-threatened if they were also affected by agriculture and aquaculture, human intrusions and disturbance, invasive species, or natural system modifications (Table 2) . Within these threat categories, species were significantly more likely to be climate change-threatened if they were affected by annual and perennial nontimber crop agriculture, recreational activities, work and other nonspecified activities causing disturbance; non-native invasive species, problematic native species, or fire and fire suppression.
Among Passeriformes, agriculture and aquaculture, invasive species, and natural systems modifications were significantly associated with climate change threat as were positive interactions with biological resource use (Supporting Information). For Tyrannidae only residential and commercial development was significantly associated with climate change threat on the IUCN Red List. (Foden et al. 2013); (Foden et al. 2013); and (e) percentage of total bird species present with climate change listed as a threat on the IUCN Red List (IUCN 2014) .
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Vulnerability Traits as Predictors of Climate Change Threat
Amphibians were significantly more likely to be listed as climate change-threatened on the IUCN Red List if they had a broad temperature tolerance or a narrow precipitation tolerance, were recorded as being susceptible to Chytrid fungus, or had extrinsic barriers to dispersal (e.g., mountain tops, ocean) (Table 3) . Conversely, species were significantly less likely to be listed as climate change-threatened if they depended on a specific climate change-associated microhabitat. These traits were also the most significant in the Anuran data set. For Hylidae only temperature tolerance was significant; a broad temperature tolerance was associated with listing as climate change-threatened on the IUCN Red List.
Birds with broad temperature tolerances, narrow precipitation tolerances, small population sizes, extrinsic barriers to dispersal, low genetic diversity, and slow turnover of generations were significantly more likely to be climate change-threatened (Table 3) . Conversely, species with a low reproductive capacity or microhabitat dependencies (e.g., rocky outcrops) were significantly less likely to be climate change-threatened.
Full Model
When all significant factors associated with a climate change-threatened status in amphibians were combined, occurrence in grassland was the only significant habitat factor associated with a likelihood of being climate change-threatened (Table 4 ). All threat factors remained significantly associated with a climate change-threatened status. Of the CCVA traits, all, except habitat specialism, were significant. Microhabitat dependence and a wide precipitation tolerance were associated with an absence of climate change threat.
Of all the habitats significantly associated with climate change-threat, only marine neritic was retained in the full model (Table 4 ). All CCVA traits were significant in the full model and showed the same relationships as the traitonly model. Of the threat factors, human intrusion and disturbance were not significant, whereas agriculture and aquaculture, natural system modification, and invasive species retained their positive effect on climate change threat.
Discussion
Despite criticisms that the IUCN Red List does not properly account for climate change as an emerging threat (Thomas et al. 2004; Keith et al. 2014) , we found that it identified climate change as a risk for species with certain habitats or traits. Key associations with a climate change-threatened status on the IUCN Red List were the presence of dispersal barriers; occurrence in montane, grassland, or intertidal habitats; narrow precipitation tolerance, small population size; low genetic diversity; long generation lengths; threats from fire and fire suppression, invasive species; and additional synergistic threats.
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Volume 32, No. 1, 2018 Some of these factors are well documented in the literature and are therefore relatively easy to assess within the current assessment frameworks. For example, distinct geographical barriers, especially those relevant to the CCVA process (e.g., mountaintops, islands [Foden et al. 2013] ), and species restricted to montane habitats are easily identified by assessors, which explains experts' tendency to account for climate change threat in these species during Red List assessments. This is consistent with extensive literature on shifting species ranges in response to climate change (Walther et al. 2002) .
Traits that are often expected (and used) to confer high vulnerability to climate but were found to have negative relationships with the likelihood of a climate change threat classification on the IUCN Red List are of particular interest. These findings challenge the ecological common sense approach to designing vulnerability assessment protocols.
Many grassland ecosystems rely on climate driven processes such as fire (Boughton et al. 2013 ) and floods (Zelnik &Čarni 2013) to maintain their vegetation composition. Because these processes are expected to be altered under climate change (Moriondo et al. 2006; Flannigan et al. 2009 ), species threatened by or reliant on fire or flooding regimes could become increasingly threatened as climate change increases and disrupts the frequency and severity of these events. Dependence on the presence or absence of fire or flooding is already incorporated into some CCVAs (Carr et al. 2014; Böhm et al. 2016 ), but only threat from altered fire cycles appears to be consistently associated with climate change threat on the IUCN Red List. The omission of alteration of flooding regimes is somewhat compensated for, given that some dry or flood-reliant habitats were directly associated with climate change threat on the IUCN Red List. Although arid-adapted species can withstand low levels of precipitation, many operate at critical physiological levels of water and temperature requirements and are therefore under particular threat from climate change (Vale & Brito 2015) .
Sea-level rise will reduce the availability of habitat for intertidal species (Galbraith et al. 2002) , particularly where human development prevents natural migration of coastal habitats inland. Projected increases in the severity and frequency of weather events, such as storms, are likely to cause increased damage to seabird breeding sites and increase chick mortality (Croxall et al. 2012; Bonter et al. 2014) , and sea-level rise is expected to worsen such impacts (Van De Pol et al. 2010 to climate change is considered a threat to species in Red List assessments.
Climate change-threatened species were comparatively absent from forests (including montane and tropical), most notably the Amazon Basin, where the highest number of climate change-vulnerable species occurs (Foden et al. 2013; Böhm et al. 2016) . Forest habitats may buffer against negative impacts of climate change by providing temperature-stabilising microhabitats (Huey & Tewksbury 2009; Scheffers et al. 2014a Scheffers et al. , 2014b . Given the spatial incongruence of climate changevulnerable species versus climate change-threatened species, CCVAs may overestimate the vulnerability of tropical forest species. This may be through the treatment of microhabitat specialists as climate change sensitive (Foden et al. 2013) ; habitat and microhabitat specialization of species may have a disproportionate influence on the outcome of vulnerability assessments while being difficult to assess objectively across species (Böhm et al. 2016) . Red List assessors may instead consider the buffering effects of microhabitats for each species individually. Habitat specificity, measured as the number of habitats recorded in the Red List assessments, is more easily and objectively assessed and generally also corresponds to a lower extinction risk (Böhm et al. 2016) . A generalist life history and adaptability to environmental change enables species to escape climate change effects by relocating or through evolutionary adaptation. Empirical research is required to fill trait data gaps and determine how traits affect climate change vulnerability (Böhm et al. 2016) significantly co-occurred with a climate change threat on the IUCN Red List. Interactions between pollution and climate change and the subsequent effects on the health of wildlife are becoming increasingly recognized (Noyes & Lema 2015) , including the ability for one stressor to reduce a species' resilience to another.
Interactions between climate change and invasive species (or interspecific interactions in the case of CCVA) are well documented, especially where species cause disease (e.g. amphibians and Chytrid fungus) or where the affected species is an island endemic (Szabo et al. 2012) . Disease-related interspecific interactions may be adequately reflected in Red List assessments of amphibians, especially because the interaction between Chytrid fungus and climate change has received much attention (Pounds et al. 2006; Lips et al. 2008) . It remains unclear from our analyses (although it is unlikely) whether Red List assessors are considering explicitly interactions among threat types. It is more likely assessors recognize the extreme vulnerability of species to a large number of different threatening processes.
We did not account for variability among assessors due to differences in attitudes to risk and perceptions of predominant threat processes affecting a species.
Accounting for assessor differences as random effects in a mixed logistic model is unmanageable given the large number of assessors and assessor combinations involved in red listing. Although assessor bias may result in inconsistent documentation of threats between IUCN assessments, all assessments in our analyses were reviewed by 1 of 2 Red List authorities (BirdLife International and the IUCN SSC Amphibian Specialist Group) to ensure consistency within taxonomic groups undergoing comprehensive assessments (Collen et al. 2016) . The use of machine-learning techniques, such as random forests, to predict climate change threat from habitats, threats, and CCVA traits may overcome assessor bias. Such techniques have been used to predict extinction risk of data deficient species (Bland et al. 2015) .
We also did not consider interactions between variables. For example, a species occurring in a freshwater pool facing ongoing agricultural water abstraction may be more susceptible to climate change than a species occupying a similar habitat but unaffected by the compounding threat. This point is particularly topical, given the emerging acknowledgement that human responses to climate change are likely to exacerbate existing threats to biodiversity and in some cases may be greater than the
Volume 32, No. 1, 2018 direct threats typically associated with climate change (Watson 2014) .
Red List assessments can benefit from the findings of trait-based analyses to appropriately consider the impacts of climate change. Specific traits considered in CCVA should be used to assess whether climate change is, or may become, a threat to a species. Using a combination of comparable species' intrinsic and spatial traits to predict the likelihood of climate change threat, Pacifici et al. (2017) identified congruence with IUCN Red List assessments. They determined that only 7% of mammals and 4% of birds are threatened by climate change. The specific traits used in CCVA have recently been incorporated into official guidance on IUCN Red List assessments (IUCN Standards and Petitions Subcommittee 2016). Such consideration of climate change impact mechanisms (e.g., through use of CCVAs) as part of Red List assessments does not mean more species would be classified as threatened because assignment of extinction-risk categories follows strict criteria based on symptoms of extinction risk (declining populations, restricted range, etc.) (Collen et al. 2016 ) rather than on threat processes per se. However, it would help the documentation of climate change as a potential threat to species for which certain characteristics of high sensitivity and low adaptability overlap with scenarios of high exposure to climate change in the future. Other factors related to climate change threat may already be included in IUCN Red List assessments through their direct impact on species' extinction risk. For example, although it is unlikely that assessors specifically consider the role of population size in assessing climate change threat, the ready availability of these metrics suggests simple guidelines could be compiled to make assessors aware of these traits and how they may be used in conjunction with threat maps of climate change exposure (Murray et al. 2014) . Because the effects of climate change are often slow to develop, assessors may consider climate change a threat to species with longer generation lengths.
When assessing climate change threat for the IUCN Red List, consideration should be given to traits that were consistently not associated with climate change threat on the IUCN Red List or were found to contradict CCVA hypotheses (e.g. habitat specialism, microhabitat dependence, temperature tolerance, dependence on environmental triggers, low dispersal capacity, and low reproductive capacity). However, discrepancies may result because for some traits little information exists from which to derive trait values for species or to link certain traits solidly to high climate change impacts. A lack of information may lead to CCVA trait values being derived from indirect data sources, such as spatial environmental data layers overlaid onto species range maps (Foden et al. 2013) . For example, although temperature tolerance measures inferred from spatial data are positively correlated with critical maximum temperature and critical temperature range in reptiles (Böhm et al. 2016) , indirectly derived trait values may not always adequately reflect a species' biology. Assuming that Foden et al. (2013) adequately inferred species' temperature tolerances, our results suggest Red List assessments give less consideration to temperature requirements than other environmental factors such as precipitation tolerance. It is possible, however, that Foden et al.'s (2013) method misrepresents the apparent positive relationship between temperature tolerance and climate change threat. Their approach does not account for some species' (and particularly widespread species) global ranges being composed of locally adapted subpopulations, which can differ in plasticity. Consequently, a species' apparent ability to tolerate a wide range of conditions across its global range may not hold true when lower (e.g., subpopulation) spatial units are considered. Valladares et al. (2014) showed that when population differentiation is factored in, dispersalrestricted forecasts of species' range contractions are more severe than forecasts based on the conventional assumption of consistently high plasticity across a species' range. For most species, however, suitable population-level data are not available; thus, research to determine differences between populations is needed.
Assessing broad-scale associations across global data sets can lead to spurious results. For example, many bird species that use marine neritic areas are listed as climate change-threatened, although the actual impact is likely occurring in other areas, such as terrestrial breeding sites. Species with large global distributions may vary in their vulnerability to climate change across their range. Therefore, our richness maps are indicative of only numbers of climate change-threatened species, rather than where species will actually be affected.
Logical avenues for research need to be identified to guide efforts to accumulate much-needed empirical evidence on the importance of our highlighted traits in a climate change vulnerability context. This is of particular urgency because many of the less-conspicuous or imminent climate change-associated threats may still be very real and severe and yet still be regularly overlooked.
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